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1.0 INTRODUCTION

The Clinton Safety Evaluation Report (SER) outstanding fssue number 15 deals
with multiple control system féirlure resulting from high-energy Tine breaks,
commun power source failure or sensor malfunction. The staff concern was that
the subject control system failure would result in more serious consequences
than those anclyzed in Chapter 15 of Clinton's FSAR. The staff requested that
the applicant identify those sources, which provide power to two or more
control systems ard demonstrate that failures of these power sources will not
result in consequences outside the bourds of the FSAR Chapter 15 analyses. In
adaition, the applicant was asked to review the designs to determine whether
harsh environments essociated with high-energy 1ine breaks (HELBs) might cauce
control system malfunctions resultine in consequences more severe than those
analyzed 1n FSAR Chapter 15. IP's response (enalysis) did not consider the
effects of 1] nonsafety-related control system failures for each FSAR Chapter
15 event. 1In response to the staff's request for soditional information, the
licensee proposed a cuiplete re-review of the control system failure analysis
and & submittal of "Qualitative Event Analysis" to address the staff's concerns
and questions. The licensee's proposal was found ecceptable in Section 7.7.3.1
of NUREG-0853, Supplement 6 (Reference 1) and was made & licensing condition
for Clinton full power operation by KhRC letter to IP dated April 17, 1987
(Reference 2' by ietter dated November 16, 1988 (Reference 3), IPCO submitted
the required analysis. The submittal consisted of @ "Combinatory Quaiitative
Event Analysis,” licensee's answer to the six NRC questicns, and a2 propiietary
quantitative analysis of a specia) trensient event by General Electric.

The scope of the licersee's analysis was defined in letters dateo April 17,
May 15 and July 16, 1986 (Fefs. 4-6) Adaitfonal information was submitted on
March 20, 1969 (Ref. 7). The worst case event ideatified i the loss of
feedwater heating with turbine trip and main steam turbine bypass failure,

The submittal included a General Llectric transient anslysis (Pef. 8) which
posuned &8 100°F loss of feedwater temperature which showed no fuei damage.
However, actua) Clinton Statfor cperating experience showed thet o feedweter
temperature crop greater than 'J0°F could nccur,

The licensee analyses included the effect of & single active feilure 1n ¢
mitigating safety system to assure that a sufficient number of such sysiems
will be available for accicent mitigation. In acaition, the licensee
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commtted to several improvements to minimize the probability of loss of
feedwater heating and to instituting several operating procedure changes to
either prevent or effectively mitigate feedwater losses.

2.0 REACTOR SYSTEMS EVALUATION

The approach teken in the reanalysis was to attempt to identify the non-safety
contru] systems which could affect the reactor. All failure modes of these
systems were identified and assessed for event sequences that may not be
bounded by the existing FSAR Chapter 15 analysis. The worst case identified
is the loss of feedwater heating with turbine trip and failure of the turbine
bypass system. An analysis of this event by GE showed that fuel damage would
not occur if the feedwater temperature decrease is limited to 100°F., However,
Clinton hes experienced a loss of feedwater heating with « temperature drop
greater than 100°F (Ref. 9).

The submitted study was carried out by QUADREX, & licensee consultant. The
object of the analysis is to determine whether the consequences of multiple
cuntrol system failures are bounded by the Clinton FSAR Chapter 15 events and
whether the failures would have on adverse effect on the ability to achieve
plant cold shutdown conditions. The methodology assumed that a1l combinations
of ron-safety related control system feilures are considered likely to occur,
regardless of power source, common instrument sensor, or proximity to a high
energy iire. The Chapter 15 events were not modified, rather, they were
considered initiating events that were examined for potential exacerbation by
non-safety control system feilures. However, systems comprised of structures
alone or information systems that merely provide alarms, annunciations, or
informetion to the control room operaturs were not considered. In addition,
systems whose failures would not affect reactor parameters or influence plant
operation were eliminated from further analysis. Thus, the systems
combinations examined whose failure could affect reactor parameters are:

. loss of feedwater heating combined with non-safety related control system
failures

. feedwater controller failure combined with non-safety related control
system failures

. turbine pressure reculator failure combined with nen-safety related
control system failure

» safety, relief valve opening
o inadvertent RHR shutdown coo'ing vperation

v generator load rejection with no turbine bypass combined with non-safety
related control system failures

R turbine trip combined with non-safety related control system failures

. closure of main steam line isclation valves combined with non-safety
related control system failures



loss of condenser vacuum combined with non-safety related control system
failures

" feedwater line break combined with non-safety related control system
failures

" loss of instrument air combined with non-safety related control system
failures

. large steam pipe break outside containment combined with non-safety
related control systems failures

° loss of coolant accident inside containment combined with non-safety
related control system failures, and

" main condenser offgas treatment system failure combined with non-safety
related control system failures

A11 of the wbove cases were found to be bounded by the results of the relevant
Chapter 15 analyses except for the loss of feedwater hesting conbined with
turbine trip and no turbine bypass. The licensee submitted a GE analysis which
shows that for a 100°F loss of feedwater heating combined with turbine trip and
failure of the turbine bypass system no fuel cladding damage is predicted. The
peak pressure is estimated at 1,250 psia which is below the ASME Code Section III
Service Level B design limit of 1,375 psia. In addition, analysis reporting GE
results show that for reactor operation at power levels lower than 95.6% of
rated power, feedwater temperature reductions greater than 126°F will result in
vperation exceeding the MCPR safety limit, thus, cen result into fuel camage
(Ref. 7). Therefore, because the Clinton system design 1s such that a greater
than 100°F feedwater temperature drop can occur, the licensee committed to
implement (prior tu the second cycle start-up) the following changes to
decrease the likelihood of loss of feedwater heating and increase the
indicating range of feedwater temperature inputs to the main control room:

v the licensee will institute operator procedures to shut the reactor down
if feedwater heating delte-T approaches 100°F.

i the 48V DC and the AC power supplies will be coorcinated te improve
circuitry reliability

. tne level trip setpeint for the extraction steam velves will be ratsed
from 6.5 to 16.C inches to allow leve! transients 10 be mitigeted by
aittomatic and cpurator actions pr:or to isoletin) the extraction uteam
Tlow to the heater drains

v during power ascension the control valves in the heater drain system will
e "tuned" to ansure thet thedr trarsienrt response 1s correctly adjusted,
and

o the range of the feedwater temperature inputs to the main control room
will be increased from a diiverence of about 115°F to about 250°F
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We find the improvements in feedwater heoting temperature monitoring, the
improvements in the cperation of extractiun steam flow and the new vperating
procedures which instruct the operator to shut the reactor down if the
feedwater temperature reduction is approaching 100°F to be acceptable.

3.0 INSTRUMENTATION AND CONTROL SYSTEMS EVALUATION

The “Combinetory Qualitative Event Analysis” postulated the possible failure
modes of each nonsafety-related control system identified in Section 7.7 of the
FSAR., The assumption was that all combinations of these nonsafety-related
control system failures can occur to exacerbate the initiating event mechanisms
identifiec in the FSAR Chapter 15, i.e., failure of common power bus, instrument
sensor, or HELB. Each FSAR Chapter 15 event scenario was analyzed with this
assumption to determine if the effects were beyond the bounds of the existing
FSAR Chapter 15 analysis. The criteria for this determination were based on a
"qualitetive analysis" of how the nonsafety-related control system faflures
affect the reactor parameters. Those control systems whose failure would not
affect reactor paraneters were eliminated from further analysis. The following
four control systems tailures were found to affect reactor parameters, initiate
engineered safety feature systems or trip nonsafety-related equipment.

1. Recirculation Flow Control

2. Feedwater (ontrol

3. Pressure Regulator and Turbine-Generator Control
4. Anticipated Transient-Without-Scram (ATWS) Control

The staff requested the licensee to verify that all higher voltage power source
failures were used in the analysis such that the loss of the higher vultage bus,
as the common power source to various control systens, caused an event which

was bounded by the existing enalysis in Chapter 15 of the FSAR. The licensee
was further requested to proviace 2 positive statement regarding the requested
analysis. The licensee's “"Combinatory Qualitative Event Analyses" postulated
failure of all nonsafety-related control systems regardless of the ceuse, i.e.,
failure or malfunction of 1ts power sources or instrument power supplies. The
effect of the failure of 120 voit AC to 6900 velt AC (including all intermediate
AC voltages), and 125 volt DC, was included in the analysis. In addition to
this analysis, & review was made to assure that no safety-related equipment,
instrument or control systems were supplied from nonsafety-related AC or DC
buses. Based on this qualitative analystis, the licensee has provided a

positive statement as required by the staff. The statement assures that the
failure of electric power, Teeding to multiple control system faflures, would
not result ir. an event which was not bounded by the FSAR Chapter 15 analysis.

In the conclusion section of their “"Combinatory Qualitative Lvent Analysis" of

the nonsefety-related control systems faflure, IP provided the folluwing stetement.

b further conclusion of this analysis 1¢ that multiple failures ef
nonsufety-related contryl systems at CPS do not impact the capability
of saTety-related systems, &8s required by NRC IE Notice 79-22.
Furthermore, loss of electrice] power to instrumentetion end control
systems does not affect the ebility to achieve @ colo shutdown
conditien, as required by KRC IE Bulletin 79-27.
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The staff does not agree with this conclusion due to the following reasons,

1. IP's analysis of the nonsafety-related control system failure to
determine 1f the consequences of these failures were within those analyzed
in the FSAR Chapter 15 has no correlation with IE Bulletin 79-27 concerns.

This Bulletin required licensees to review the effects of loss of power
to each Class 1E and non-Class 1E bus supplying power to planrt
instrumentation and controls, and on the operator cepability tu achieve 2
safe (cold) shutdown condition using plant operating procedures following
the power luss,

2. IP's analysis is combinatory qualitative which does not actually fail
2 bus to determine components, controls and instrumentation lost due to
the bus failure, Rather all nonsafety-related contrul systems are failed
regardless of the power supply. An analysis for IE Bulletin 78-27
concerns 1s a quantitative anelysis where the affect of loss of each
component, control and instrumentation supplied by a feiled bus is
evaluated.

This aiscrepancy was discussed with the licensee in a telecon and 1t was
agreed to consider the subject statement void.

4.0 CONCLUSION

We have reviewed the 111inois Power submittal providing information supporting
deletion of license condition 4 for the Clinton Power Station., License
condition 4 regards multiple non-safety control system feilures, resulting from
incividual high energy line brakes. Analyses showed that the only cese which
is more severe than existing chapter 15 events 1s the loss of feedwater heating
with turbine trip and no turbine bypass. Analyses further indicated that loss
of feedwater heating up to 100°F with turbine trip enc bypass failure 1s
acceptable. The Ticensee committed to hardware and procedural changes which
will minimize the probebility for loss of feeawater heating and procedures
instructing the operator to shut the reactor down in the event the feedwzter
heating temperature loss is approaching 100°F. Given that the loss of
feedwater heating is a gradual and detecteble change, operator action based on
prosedues is acceptable.

Baserd cn the above evaluation, the staff concludes that the licensee's
“Comb inatory Juelitative Event Analysis" adecuately addresses the statt's
concerns regarding loss of electric power te the ronsafety-related control
systems, The analysis has followed the guidelines provided in the stafi's
request for adgditional information and methode’ogy approved in NUREG-0853,
Supplement €, and is, therefore acceprable.
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